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Japanese Published Unexamined Patent Application (A) No. 04-148669; Published 
May 21, 1992; Application No. 02-269577, Filed October 9, 1990; Japanese Title: 
Molecule Securing Devices 

MOLECULE SECURING DEVICES 

CLAIM(S) 

1) A molecule securing device comprising: a means to electrostatically orient 
and extend macro molecules in chain form in a solution by using an electrode 
installed on a substrate; a securing means to secure the molecules onto the substrate 
or the electrode while they are oriented and extended. 

2) A molecule securing device, as mentioned in Claim 1, wherein said securing 
means is a means to attach and secure the molecules onto the electrode or substrate 
by using the flow of the solution. 

3) A molecule securing device, as mentioned in Claim 1, wherein said securing 
means is a means to attach and secure the molecules onto the substrate or electrode 
by heating the solution. 

4) A molecule securing device, as mentioned in Claim 1, wherein said securing 
means is a means to attach and secure the molecules onto the substrate or electrode 
by radiating ultraviolet ray, visible ray, infrared ray, or electromagnetic wave. 
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DETAILED DESCRIPTION OF THE INVENTION 
(Field of Industrial Application) 

The present invention pertains to a means to extend elongated macro 
molecules, such as DNA or protein, and secure them on a surface. 
(Problems of the Prior Art to Be Addressed) 

In the prior art method to determine a base sequence of DNA, gel 
electrophoresis has been widely used. In this method, multiple DNA molecules are 
cut at various positions, and they are made to migrate on a medium, such as an aga 
or acrylamide gel to determine the base sequence; therefore the method comes with 
the following problems: 1) it takes too much time; 2) it requires tedious process; 3) 
it requires a large quantity of DNAs. On the other hand, it can be easily assumed if 
the base sequence can be directly read from one sequence of DNA quickly if a 
scanning tunneling microscope (STM) having atomic level resolution or atomic force 
microscope is used. However, in order to successively read the base sequence, the 
DNA to be read needs to be in linear form or be extended in near linear form. For 
the amino acid sequence of protein, the similar method has been used, but the 
molecules desirably need to be extended in one dimensional form so it can be read 
directly by an STM. 
(Objective of the Invention) 

The objective of the present invention is to present a means to extend and 
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secure such a chain of macro molecules on a surface. 
(Means to Solve the Problems) 

It is publicly known that a chain of macro molecules, such as DNA, can be 
extended in a solution by static electricity (Collection of Theses by Academic Society 
of Static Electricity, 89. 10, pp. 173-176). However, the molecules extended in the 
solution by such a means forms a random coil shape by thermal movement when an 
electrical field generating the static electricity is shut down. 

Generally, when the molecules are extended, the STM cannot be operated 
under a high electrical field. Therefore, in order to examine it by an STM, the 
extended molecules need to be secured to a surface so that the extended status 
remains when the electrical field is cut off. 

Most biological macro molecules attach to a metal or glass due to their polar 
base or dissociation base. Accordingly, the molecules oriented by means of static 
electricity can be secured to the substrate electrode by pressing them against it by 
flow of the solution. To generate the solution flow, an external force is provided and 
a convection may be generated by heating the solution. 

Among the solution heating methods, there is a method whereby a current is 
made to flow to the electrode in the solution to generate the heat from the electrode 
to heat the solution directly. And there is a method whereby the solution can be 
indirectly heated by external heating. 
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To enhance the adhesion, it is effective to increase the electron charge of 
molecules. For this purpose, the heating temperature can be raised, or ultraviolet 
ray, visible ray, infrared ray, or electromagnetic wave can be radiated to accelerate 
the dissociation of the dissociating base. 
(Embodiment) 

Fig. 1 and Fig. 2 show the embodiment example of the present invention. In 
this embodiment example, electrodes 1 and 2 installed on the glass substrate are 
used as shown in the figures. For the material of the electrodes 1 and 2, e.g., 
aluminum is used. But the material is not limited to the aluminum. First, between 
the electrode 1 and the electrode 2, approximately 1|MH 2 ] 10 3 [V/m] of electrical 
field is charged via the leads 3 and 4. Then, the molecules are extended into a linear 
form parallel to the electrical field by static electricity, and are attracted to the 
electrode edge by an electrophoresis effect. As a result, one end of the molecule is 
brought into contact with the electrode and the other end is extended 
perpendicularly to the electrode in orientation. But this configuration is destroyed 
when the electric field is cut off, and the molecules resume a shape of a random coil, 
which is the shape before extended. So, a current is supplied into the electrode 1 via 
the leads 3 and 5 without cutting off the electric field, and the solution is heated by 
using this Joule heat. As to the current supplied to the electrode 1, approximately 
0.7 (A) of current is intermittently supplied for some second. But it is not limited 
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only to this level of current. If the conditions for heating are properly selected, e.g., 
heating drastically, a convention occurs due to the solution, and the molecules lined 
up between the electrode 1 and the electrode 2 are attached to the substrate while 
extended in the same position and are secured (8 in Fig. 1). The molecules thus 
secured retain the extended status even when the electric field is cut off. Depending 
on the convection direction, the molecules extended and oriented between the 
electrode 1 and the electrode 2 are inverted on the axis of the electrode edge and can 
be secured onto the electrode (9 in Fig. 1). These molecules retain the extended 
shape even if the electric field is cut off. By performing the above operation under 
the ultraviolet radiation, the dissociation of the molecules are accelerated, and the 
molecules are easily attached. 

Thus, the molecules can be secured while they are extended on the substrate 
or electrode. In addition, if the cover glass 6 is removed, the data regarding the 
extended molecules can be successively read out by an STM. 

The device for charging an electric field between the electrode 1 and the 
electrode 2 and the device for supplying a current into the electrode 1 are omitted 
from the figure. 
(Advantage) 

By the present invention, the molecules extended in chain form can be 
secured, so the molecule information can be read out by an STM. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the embodiment example of the present invention. Fig. 2 shows 
its side view. 
1-2. Electrodes 
3-5. Leads 

6. Cover glass 

7. Glass substrate 

8. Molecules in chain form secured onto the glass substrate 

9. Molecules in chain form secured onto the electrode. 
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